l Introduction
The isolated, on the maternal and fetal side artificially perfused guinea pig placenta produces for at least 90 minutes hydrogen ions, ammonia, lactate and carbon dioxide and consumes glucose and oxygen [3] . Because the maternal and fetal metabolism are excluded, this model is appropriate for studying transport problems through the placental membranes.· The guinea pig placenta is often used, because it is like the human a hemochorial placenta. There is, however, a difference between the two Organs, äs far äs the circulations are concerned: in the human placenta there is a multivillous and in the guinea pig placenta a countercurrent flow system [l, 2, 5, 8, 14] . The guinea pig placenta consists of subunits with probably different tasks: there are areas for exchange functions (lobulus) and others, that are committed mainly to metabolic functions (interlobium) [7] , Because the interlobium has an abundant supply with maternal vessels, but only few fetal capillaries, it can be anticipated, that the products of the metabolism of the placenta are excreted in different quantities into the maternal and fetal veins. This paper presents the rates of excretion of hydrogen ions, ammonia lactate and carbon dioxide into the maternal and fetal circulation.
Methode
22 placentas of guinea pigs at the end of pregnancy (mean: day 59) are fully isolated and perfused on the maternal and fetal side with TC 199 (Difco). Further details of preparation and perfusion technique have been described previously [3, 9, 13] . The perfusion fluid is saturated with 95% 0 2 and 5% C0 2 , the pH is maintained at 7.40. The arterial p0 2 ranges from 450 to 550 mmHg, pC0 2 ranges from 22 to 30 mm'Hg. The perfusion is performed by means of syringe pumps (modified Perfusor®, BRAUN MELSUNGEN) with constant flow rates of 1.6, 3.2 or 6.2 ml/min. pH, p0 2 and pC0 2 are measured by an automatic blood gas analyser (Corning 175). Glucose is determined using the glucokinase method (Glucose Analyser, BECK-MANN INSTR.) and lactate using the HOFFMANN LA RÖCHE Lactate Anälyser 640 or a Standard enzymatic method (Monotest, BOEHRINGER, MANNHEIM). The concentration of ammonia is measured with a special ammonia electrode (PHI-LIPS Ammoniak Elektrode). Excretion and utilization rates in this paper are given äs l O" 6 mol X g" 1 X min" 2 and lactate increases, s At nearly the same flow ratio, but twice the total described in a previous paper, when the perfusion flow, the excretion increases significantly on both flow increases [3] . Of importance is not only the sides (Tab. II D). These results are similar to those total perfusion flow (maternal plus fetal), but for the other two metabolites. When the placenta Tab. I. Excretion of hydrogen ions, ammonia, lactate and carbon dioxide of the artificially perfused guinea pig placenta, s measured in the maternal and fetal venous outflows. Mean and SD of 22 placentas. (N) = total no. of measurements (l -5 measurements per placenta). is only perfused on the fetal side (Tab. II E), the metabolism decreases slightly, the amounts excreted at the fetal side surpass those rates obtained at the same fetal flow during simultaneous maternal perfusion (Tab. II A). Because of the anatomical structure, the reversal of the maternal perfusion should influence excretion rates of the metabolites. In Fig. l a typical experiment is demonstrated. During orthograde perfusion on the maternal and fetal side, excretion rates of H + , C0 2 and lactate for any observation are larger on the maternal side. A reversal of the fetal perfusion flow does not change this relationship (3 placentas, Tab. III). If the maternal flow is reversed the amount of substances excreted at the maternal side is not different from the amount excreted at the fetal side (Tab. III and Fig. 1 ). If the perfusion is performed again in the normal direction on both sides, the rates of excretion on the maternal side return to their previous values. When the maternal perfusion is stopped, excretion increases on the fetal side. An additional removal of the muscles does not show any effects. The results of three placentas, which are perfused in the reverse direction on the maternal or on the fetal side (the opposite side being perfused orthograde) are summed up in Tab. III.
Discussion
Investigations of placental metabolism include the utilization of glucose and oxygen [4, 6, 11, 12] and the production of lactate [10, 12] and ammonia [6] . In a previous paper we could demonstrate for the isolated, dually perfused guinea pig placenta the consumption of glucose and oxygen and the production of H+, NH 3 , lactate and C0 2 for at least 90 minutes [3] . In all experiments the excretion rates on the maternal side exceed those of the fetal side (Tab. I). The utilization of oxygen and glucose have been determined [3] äs follows: .51 ± .11 oxygen and .35 ± .25 glucose. The uptake of oxygen and glucose is also higher from the maternal than from the fetal vessels: 57% of utilized oxygen and 72% of utilized glucose arise from the maternal side. These findings suggest, that the areas of metabolism are supplied preferably by the maternal perfusion. If the areas of metabolism contain more maternal lacunae than fetal capillaries, changing of the maternal perfusion should influence the placental metabolism more than alterations of the fetal perfusion. This is demonstrated in Tab. H. In spite of the fact that minor amounts of metabolites are usually excreted into the fetal circulation, the fetal excretion rate can increase when the maternal flow decreases. In the extreme experimental Situation of solely fetal perfusion the placental metabolism seems to be reduced (Tab. II E). As a consequence the fetus may receive larger rates of placental metabolites in the case of decreased maternal blood flow together with less nutrients (e.g. at placental insufficiency). The presented results are in accordance with the anatomical findings of KAUFMANN and DAVI-DOFF [7, 8] : In the interlobium fetal capillaries are rare but many of the enzymes are found, which are necessary for metabolic functions (e.g. synthesis of proteins and steroids). The lobules show fetal capillaries and maternal lacunae but a Tab. III. Excretion of hydrogen ions (H*), carbon dioxide (CO 2 ) and lactate (La) at inverse perfusion flow. Total excretion = 100. Maternal and fetal rates äs percentages of the total excretion. Mean and SD of 3 placentas. (N) = total no. of measurements (1-4 measurements per placenta). thin syncytial tissue layer with few mitochondria between the fetal and maternal circulation. The lobules contain the labyrinth which is the proper exchange area. Fig. 2 is a diagram of anatomical and functional observations. In the direction of the maternal blood flow first this exchange area and then the metabolic area (interlobium) is perfused. Therefore the metabolites from the interlobium do not have access to the fetal circulation. This anatomical structure explains why the reversal of the maternal flow leads to an equal maternal and fetal excretion rate of metabolites: at retrograde perfusion the interlobular metabolites, which are highly diffusive substances, are rapidly exchanged with the fetal circulation. If fetal perfusion flow is reversed, the exchange is not enhanced, because the maternal metabolic area still is beyond the exchange area. Thus only the reversal of the maternal flow results in an equal distribution of metabolites to fetal and maternal veins (Tab. III).
Myometrial vessels are perfused in parallel to the maternal circulation of the placenta. If some of the metabolites are produced by the small piece of myometrium in our preparation a difference between maternal and fetal excretion rates should remain, even when the maternal flow is reversed. It can be concluded from the equal excretion rates at maternal flow re versa l, that no measureable amounts of metabolites from the myometrium arise in our experiments.
Morphological structure and functional results agree well. It is understandable now, that in the guinea pig placenta venous concentration differences for placental metabolites may occur. Studies of placental transfer rates of non-inert substances will have to take this into account.
Summary
The isolated and artificially perfused guinea pig placenta produces hydrogen ions, ammonia, lactate and carbon dioxide, which are secreted in significant larger amounts into the maternal than into the fetal circulation. The excretion rates of hydrogen ions, lactate and carbon dioxide increase significantly on both sides when the perfusion flow rates are enhanced. If the maternal perfusion flow is reversed the amount of substances excreted at the maternal side is not different from the amount excreted at the fetal side.
A reversal of the fetal perfusion flow does not influence the different excretion rates on the maternal and on the fetal side. This unequal distribution between maternal and fetal side can be explained by the anatomical structure of the placenta. In tlie interlobium, which has been described äs area of metabolism, fetal capillaries are rare. Therefore the metabolites of the placenta itself arrive chiefly at the maternal circulation. 
